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I ... c--- I- embodiment a first ami (15) is P»™«»y «^ -nresentative of the angu ar posiUon of the first ami 

,«1 to *e fin.t and ^^'^^ the sXe. ^second angle sensing 

ictions in space which may be but are ' j^.- . a»e angular position of the second arm 

(27) with respect to the first arm (1 5). A tioioer v*^) 

to which the first arm <15) is attached. ^ 
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The present invention relates to an apparatus andmethod that provides 
electronicsignalsthatcorrespondtohand^vritinganddrawingsandmore 

particularly to electro-mechanical devices that translate, in real time, 
handvmting and drawing movements to electronic signals. 

For many people, handwriting and freehand drawing is one of the most 
naturalandcomfortablewaystointerfacewithelectronicdevices. Akeyto 
electronicallycapturinghahdwritingliesinthedeterminationofhumanh^^ 
n^ovementsrelative to some originpoint Determination of distances relauve to 

theoriginpointcanbeachievedbymeasuringdistancesusingavanetyof 
„.eans. Prior technologies that capture handwriting and/or drawings to store 
themonmagneticmediaorpresentthemonelectronicscreensmed 
electromagnetic, resistive or similartypesofgrapWctabletsforthisp^^^^^^ 
Mainly.prior art methods canbe divided into tiiosethatrelyonadigtuzmg 
tablet, and thosethat do not. Examplesofsystemsthatrely on digittzmgtablets 

include- John HoUerbach of MIT, "An Oscillation Theory of HandwnUng 
(Biological Cybernetics, vol. 39.pp 139-156, 1981) describes a mechanical 
apparatus that measures acceleration during handwriting and integrates the 

nieasured acceleration to obtam velocity. Adigitizing tablet was employedto 
measure position. HoUerbach's apparatus was geared towards measunng 
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«cel=ra«onduri„g«ritogcursive=»riptword. Hisappan^did,>o.«id«« ^ 
tandwritogoap^candlackedporubimy. 0*«s have <levdop.d sys«n. ^ 
.eMnJly suW «, the real time digWzatio,> ottand»ri.ing. but typically 
requiredthepmvisionofadigiti^lablet Soeh tablets may n>ake tl.ese 
; 4,vic.sm.Kl.lessportable»rattractiwfo,«.mmoneveryday,u^. 

Digitizing sy««m not coupled to witing impleme.«3 are also too™ 

prior art Baomanet.l.,U.S. Patent 4.331.954, »Wch is l«rebyfUly 
incorporated by reference, describes a ^«.-dime.sio■»l digitiar capable of 
findingpositio„coordi„at.sofimages.picturesandg,aphicalda«..Ho«.v.r. 

Banman's apparatus is notawri.ingmecl«nism.»dlaol«.«ri«to8topl.m«^ 
Wder Purcell,U.S. Patent 5.065,145. »hich is hereby fully inco,pora«d by 
reference, describesatwo-dimensional digitizer andamethodfor producing 
signals conesponding to the position of cursor coordinates of crosshair. Each 
ofthese prior art digitizers are mamly directed towards the digitiztagofpre- 

existing objects and designs and not U,wards recording the movements of. 

writing implement in real time. . . , ^ 

An example of a system that does not rely on a digitizing tablet mcludes 

Epperson,U.S.Paten.5.247.137. Epp^sonr^hesonanaccderometex-based 
i„er«alnaviga,ionsystemtotrack,hewritingimp.emen..Since.hepos.t,onof 
20 thewritingimplementinEppersonisdetermmedbydoubleimegr^ionofd^ 

measured accelerations, this system is s„biecttopotentiaUylarge«ror and dnft 

Thus there is a need for a two^limensional and three-dimenstonal 
™a„msandmethodforprovidingele«ronicsignaIsd».corr«^«d«» 
handwriting and drawings in real time while p«.viding a comfor«bl. wntmg 
25 aadfteehand drawing environment. 

One embodiment of the present invention is a light weight electro- 
mechanical apparams which measures, in real time, the movements of an 
30 implemen.a«ached.ooneendoftheaH«r«os.Apersonholdmgthe 

implement in his or her hand makes n«ural writing or drawingmotio^wtdrthe 
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implement. The position of the implement is converted in real time into 
^i^ntative signals as the user moves it in three-dimensional space or over a 
writing surface. 

In one aspect of this embodiment a fir^ arm is pivotally comiected to a 
surface and to a second arm. A fost angle sensing mechanism is coupled to the 
first arm andwenerates a first signal representative of the angular position of the 
firstarmr^lativetooneormoredirectionsinspacewhichmaybebutarenot 

Un^ited to directions along the surface. A second angle sensing mechamsm is 
coupled to the second arm and generates a second signal representative of the 
angular position of the second arm with respect to the first arm. A holder for an 
implement is attached to the end of the second arm opposite the end to whrch 

the first arm is attached. 

In another aspect of this embodiment, the first angle sensor and the 

second angle sensor both measur. angular positions of the first and second arms 
15 in a plane substantially parallel to the surface in order to be able to detect 

handmiting motions of the implement on the surface. In one aspect of this 
embodiment a sensor measures when the implement is in contact with the 
. surface. In another aspect of this embodiment a sensor measures the pressure 

applied by the tip to the surface. 

In another embodiment of the invention, the first angle sensor, the 
second angle sen^r, both angle sensors, orathird angle sensor are used totrack 

the motions of the implement in three-dimensional space. 

nxe output of the angle sensors uniquely detemiines the position of an 
implement placed in the holder for known lengths of the first arm and second 
arm In one aspect of the invention the length of one or both of the arms is 
adjustable by the user. The adjustment of arm length can be accounted for by 
the system in a number of ways including allowing the arm length to vary as the 
user moves the implement, while one or more sensors in the arms output one or 
more signals related to the lengths of the arms. Additionally the arm length 
30 could be adjustable in fixed increments by the user. 
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m another aspect of the invention the signals are converted into electrical 
signals which can be stored in a computer memory or any other suitable borage 
device such as a hard disk, a floppy disk or a tape and displayed on a computer 
display device. Additionally, the signals can be transmitted via wires, fiber 
5 optics, radio or microwaves to another location. In one embodunent of the 

invention the signals are modulated on a carrier and transmitted over the 

telephone system to another location. 

Another embodiment of the present invention is a system and method for 
simultaneously writing on a physical surface and having the writing display on 

10 an electronic display unit. This embodiment of the invention includes: (i) a 

holder for a writing implement, (ii) a mechanism, mechanically coupled to the 
holder and adapted to be mechanically secured to the writing surface, for 
sensing a lateral position of the implement relative to a reference location, and 
(iii) a mechanism for providing electronic signals, representative of the position 

15 oftheimplementThewritingimplementisinsertedintotheholderandauser 

can then write on the surfece. using the writmg implement while a trace 
corresponding to the electrical signals is displayed on the electronic display. 

Yet another embodiment of the present invention is a twowiimensional 
or three-dimensional mechanical apparatus that is specifically designed for 

20 handwriting and freehand drawing. It includes a holder for a writing implement. 

A pressure sensor senses when the writing implement is up or down. 
Preferably, a code reader, such as a bar-code reader in the holder, detects a«Kie 
on the writing implement which contams infomation about the characteristics 
of the writing implement. As the user writes marks on a surfece. such as 

25 ordinary handwriting, the apparatus transmits the position information obtained 

by the angle sensors and the pressure sensor through a serial or ^ame port to an 
electronic device, such as a personal computer. Hiis information can then be 
presented in real tune on an electronic screen. THe information obtained by the 
sensors can be transferred over telephone lines to other electronic devices for 
30 display or processing. 
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^ COS.., ubleu. -n^ appa,a.»s is based on a ^ 
? ^1 is i.«™nsive and pliable. The appamtus is easy ,o use; a »s<. 
r""^— -.^Md..andbe.n«H.inso.d«w^. 

' laseria.orBan.epor.of- — ^-'^ •m.elecaomcdev.o.ean 

UsnoUin,i.ed»ap™cesso.«biebc».bea„,.^ofpro^ 

^Lngan.icroprocessor.dedica^d.ogic.adiaHalsign-P--'-' 
:^Hesa.ea,.,.ane„.ne«™*,o,aee.».pr„e«».»^ 

Len«d in any other .echnology, or a compattr, a eompuKr system, a 
„ ^^^^eof^ene^lorspedaipurposeeompu-ng 

■^.r«nrlterra:.aproeessor,andan»no.,. A— 
r^rl;beinpntin.oa,nodn,a.or.or.ra.s„.ssionovera„— ^ 
ll.,^connnnnicationci«nne>caninelndebntisnot,««edU.rad.o. 

,5 ^<:,„«av«.telephone.orapo«erdistHbationel,«.nel. 

.>e«andLevie„ofanen,bodin».o,.heinven,ion«>.chcanbensed.o 

=eneratesignalsrepresentingthepositio«ormotaofthea.ms. 

' p;^3depie,sanen,bodi,nentof.heinventionsho»ingv.nt«s 

i„p,en.e„.s,each»itbadilfere„t^-^^.^^^^^ ^^^^ 
Figure 4 depicts an embodiment of the invention 

, "n::n:ab>oeMia^ofanen.bodin.ent.bard™.e-sed,„^ 

^arposilionsignalstoapersonalcompoter. ,.„,,^.pbo„e 
Figure6depi0.an«nbodimentoftheinvent,oneoupiedtoatelepho«e 

«,™«.^«ingand/orreceivin,inforn».ionviate,ephonic— ea^ 
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Figure 7 depicts ah embodiment of the invention which contains 
actuating mechanisms to move the anns of the device so that the device can be 
used to output and/or input infonnation. 

Figure 8 is a diagram depicting the use of a game port type connector to 
transmit and/or receive electrical signals from an embodiment of the invention. 

Figure 9 depicts a lateral view and a bottom view of another 
embodiment of the invention which incorporates optical angular sensors. 

Figures 10(a) and 10(b) depict two embodiments of optical angle 

sensors. 

Figure 1 1 depicts a flow chart for software thatcan be used in 
conjmiction with an embodiment of the rendering device to allow input of t«t 
or graphical objects into a computer. 

The present invention is a handwriting and drawing apparatus which can 
provide real time electronic signals that conespond to drawings of any type. 
Specifically, the present invention can be used to translate human handwriting 
and drawings to electronic signals that can be saved on electronic magnetic 
media and/or displayed in real time on electronic display screens. 

Figures 1-2 illustrate an embodiment of the present invention. Figure 1 
depicts drawing rendering device 1. First arm 15 is pivotally attached to joint 
12. AsdepictedinFigure2.jointl2isattachedtoclamp44. Clamp 44 is used 
to reversibly attach the apparatus to a physical drawing surface, for example a 
notebook. The apparatus of Figures 1 and 2 can be used in conjunction with 
virtually any planar surface. Clamp 44 can be any type of damping device or 
other device to keep the end of first arm 1 5 stationary including but not limited 
to any type of friction based device, magnetic device, suction device, or simply 
a weight. 

Joint 1 2 enables first arm 1 5 to rotate in a two-dimensional plane, 
parallel to the drawing surface plane. TOs rotation is relative to fixed clamp 44. 
As shown in Figure 1. angular sensor 10 detects the rotation of first arm 15 
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relative to joint 12. This rotation is translated into electrical digital or analog 
signals that are fed to an electronic device, as described below. In an alternate 
embodiment of the invention not depicted in Figure 2, joint 1 2 allows rotation 
of first arm 1 5 out of the plane of the drawing surface to allow movement of 
first arm 1 5 in three dimensions. 

First arm 15 consists of two male type telescopic rods 14 and 16. 
insertedintwofemaletypetelescopicrods20and2l.Therodsareconnected 

with telescopic clamp 18. Telescopic clamp 18 enables length variation of first 
arm 1 5 , making first arm 1 5 a telescopic mechanism. Distance ^ale 13 on rod 

14 shows the length of arm 15. The user can input furst arm 15 length 
infomiation to an electronic device such as a personal computer via the 
keyboard of the personal computer. Other techniques can be used to measure 
and input first arm 1 5 length including but not limited to electro-mechamcal or 
opto-mechanical sensors coupled to first arm 1 5 and comiected to a computer. 

Joint 24, at the end of first arm 15 opposite joint 12. comiects first arm 

15 to a second arm 27. Second arm 27 consists of two male type telescopic rods 
26 and 28. and two female type rods 32 and 34. Telescopic clamp 30 enables 
length variation to second arm 27. thus making second ami 27 a telescopic 
mechanism. Distance scale 25 on rod 26 shows the length of arm 27. The user 

20 caninputarm271engthinformationtoanelectronicdevicesuchasapersonal 

computer via the keyboard of the personal computer, or as discussed above m 
comiection to first arm 15 an automated arm length sensor can be used to 
directly input the arm length or ami length variation into a computer. 

At the end of second arm 27 is a ring 40 that is adapted to receive an 
25 unplementholder42.1mplementholder42canbeusedtoholdanytypeof 

implement 46. including but not limited to a writing implement, a light pen or 
wand, or a scanner. Near ring 40. a plate 36 spans female rods 32 and 34. 
Proximity sensor 43 is attached to plate 36 facing the drawing surface. 
Proximity sensor 43 detects the touching and de-touching of implement 46 to a 
30 drawing surface and translates it to digital or analog electronic signals. The 

signals are sent to an electronic device as described below. Switches suitable 
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for proximity sensor 43 include but are not limited to a micro switch or a 
pressure sensor. 

As shown in Figure 1. second ann 27 pivots on joint 24, relative to first 
am 15, in a plane substantially parallel to the drawing surface. The relative 
angula^ rotation of first arm 15 with respect to second arm 27 is detected by 
angular position^ensor 22. Angular position sensor 22 translates the detected 
angle into digital or analog electronic signals. Hiese electronic signals are fed 
to an electronic device, as described below. 

Ring 40 at the end of second arm 27, opposite joint 24. is adapted to 
receive implement holder 42. Preferably, holder 42 is in the form of a truncated 
cone and is made of semi-rigid material such as rubber. Implement holder 42 is 
adapted to receive implement 46 as shown in Figure 2. 

Optionally, bar-code label 48 is attached to implement 46. This bar- 
code label may encode certain information about implement 46 including but 
not Umited to make, color, thickness, shadow, tip size, life span, ink maximal 
volume or type ofimplement including pen. pencil, marker, or paintbrush. A 

bar-code reader 3 8 is attached on the top side of plate 36. opposite the drawmg 
surface Bar-code reader 38 is positioned to read bar-code label 48 on 
implement 46 and translates bar-code label 48 to electronic signals. Bar-code 
reader 38 can be configured such that bar-code label 48 is read by bar-code 
reader 38 as implement 46 is inserted into holder 42 and rotated. The electromc 
signals are fed to an electronic device, and can be displayed on an electromc 
screen in real time, either as such or as a modification of the trace displayed on 
the screen. For example, if the bar-code encodes color, the trace can be given 
the corresponding color. 

In another embodiment of the invention, the signals generated by 
drawing rendering device 1 (e.g.. by sensors 10, 22, 43, and/or 38) are then used 
to generate position information. Tl»e position information, for example x-y 
coordinates of the implement can be calculated using a processor, a computer or 
micro-controller 72. Once the position infonnation is calculated, the 
appropriate display chamcteristics as determined, for example, by bar-code label 
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48 are displayed. The information can be displayed in real time on a display 
screen. Characteristics of implement 46, such as color and/or thickness provided 
by bar-code label 48. can be expressed on the display by characteristics of the 
trace on the display. In yet another embodiment, the signals generated by 
drawing rendering device 1 are input into a computer and used to provide 
annotations for documents, web sites, or other files in the computer. 

Figure 3 depicts an embodiment of the invention shoAving various 
implements, each with a different bar-code. As depicted in Figure 3, the bar- 
code and the reader can be used to provide information concerning implement 
type (e.g., brush 302, pen seamier 304. marker 306, etc.), owner 308, or tip 
thickness. 

Figure 4 depicts an embodiment of rendering device 400 in which the 
implement is scanner 402. Any seamier can be used, but in the embodiment 
shown m Figure 4 seamier 402 contains radiation source 404 and detector 406. 
Radiation from the source is absorbed or reflected by the image on the surface. 
In this embodiment, information from detector 406 can be combined with 
position information generated from rendering device 400 allowing drawings or 
images to be scamied in a bit mapped format as det«:ted by detector 406. This 
embodiment can be used, for example, to enter bit mapped images into a 
docmnent which is stored in a computer. THe relative position of seamier 402 is 
determined by the angle sensors of the rending device and the bit mapped image 
is generated from the output from scanner 402. 

Referring again to Figures 1 and 2. angular position sensor 10. proximity 
sensor 43. angular position sensor 22 and bar-code reader 38 generate signals 
that relate to their activity. Sensors 10 and 22 can be potentiometers or optically 
based. For example potentiometers commercially available from BI 
Technologies Corporation. 4200 Bonita Place. FuUerton Ca 92635-1053 can be 
used. Sensors 10. 22. 43 and bar-code reader 38 may be operated by electric 
voltages supplied from batteries or an external power source. The power supply 
input and the electronic signals output may be done by means of electric wiring 
(not shown) hidden inside the telescopic bars of first and second arms. 
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Additionally, the output of any or all of the sensors can be sent out via fiber 

optic cable or radio waves. 

Handwriting and freehand drawing consists of a series of hand strokes. 
Typically, each stroke starts in a reaching movement in which the writer brings 
the implement to the desired starting point. Implement 46 normally rests near 
the starting point in an up position, in which it does not touch the surface. If 
proximity sensor 43 is a micro switch then touch-down of tip 50 on a surface is 
detected by the micro switch. Lateral pen travel is detected by angular position 
sensors 10 and 22. Alternatively, proximity sensor 43 can be a pressure sensor, 
m that case, the pressure of tip 50 on a surface is detected by sensor 43 which 
may be without limitation a switch, a micro-switch, or a pressure sensor. The 
pressure signals generated are sent to an electronic device such as a personal 

computer and the thickness of trace generated on the electronic screen can be 
controlled to correspond to the pressure of tip 50 on the surface. 

One phenomenon associated with handwriting is that the reaching 
movements and the pen-down movements typically follow acceleration patterns. 
The movement of implement 46 starts at zero velocity, reaches peak velocity 
and then decelerates to full stop. A second associated phenomenon is that 
typically the speed slows down when drawing a curve. A third associated 
phenomenon is that typically, when characters are written, the tangential 
velocity pattern of the relative timing peaks is maintained steadily, even if. 
usually, character shapes differ from one character to the other. The present 
invention makes it possible to calculate and store these handwriting dynamics 
with minimal interference to natural hand movemem. 

Figure 5 is a high level schematic circuit diagram of an embodiment of 
hardware used to feed analog angular position signals obtained firom sensors 1 0 
and 22 and sensor 43 to a personal computer serial port 68. In one embodiment 
of the invention, proximity surface sensor 43, angular position sensor 10 and 
angular position sensor 22 produce analog electrical signals. These signals are 
fed to a micro-controller 72. Micro-controller 72 consists of multiplexer 60. 
analog-to-digital converter 62 and processor 64. Processor 64 produces digital 
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signalsrepr««.»«v.ofth.analog.ignalsproducedbysensors •0-J^»^ 
■ u»signalp™du«dbys»i«h43a..owh=*eri.i3ope,,o,e.as.d^ Th.d.g,^ 

f.ed,d»digi«ld«aby»ayof«.»ni,d=««>nm»nd(TXD)67i„,oa,«,al 
po« 68. P0«e, supply 70 g.«sem„votogeV=c76b,«smg|woF^232 
commands: da.alenmndr«d«(DTO)72»»dr«p«s.» .send(RTS)74. 
service V„tagevcc76c«.heused«,op«a»s«s»rsl0an422a„d3»s«43 

on the apparatus. 

Handwri.mgdaUoW„edfh,m*ese.sorsca„bes.oredb,ap«sonal 
„^p„»,„„magne.,c media and ca„bep,ese=,eaon.aisplaysc«e^ Th.s 

J«H«ng da. can be sen, ove, .eiepbcne lines ,0 other elec^o^c ^ 

.lephone lines ^ as p„in«o.,«in. lines, non-dediea.ed .e>eph»e 
»eh as dial-up lines, encryp^d telephone lines, ISDN heavy duty 
telephone lln«>. and via to«me. and InKmet-like global webs. 

Figure 6 depicts m «nbodimen, of the invenUon in »tach rendenng 
.eviceaOOis-tachedtoaphone. AstandardphoneisdepictcdinFi^e but 

acord.essphoneor.eenutarpho..couida.s.beused.ln«rise«^nne«ot 

the invention, the signals output ftom rendering device 600 are modulated o 
c^er.»veswithinthetra.«Ussionba.^«idth.f.he,.lephonesj«ema^^ 
^inedoverphonelines. The signal can be either eleCrKa. and comb»ed 
^,h,hesignalfe.mthemoud>pieeeofthephone.orthesi6ndcanbe 

converted to an acoustic signal and acoustically coupled in«> the phone through 
themouthpiece. The electronic signal eanbeeombinedwiththevotcestgnal 

^^ugha^t-blemodulariack which canbe plugged into the phone. Acousuc 

co^Ungallowstherenderingdeviceto be easily a^ach^.0 any cx,s.u,g phone 

system without requiring any modificaflons. 

The signals generated by the rendering device ar* capable of betng 

^nsmi.tedbys.and^^teP'"-'"^--^'-"^''^""™;"''"^' 
j^tasordinaryvoicedataissothatspeoialprotocolsarenot^qu^ed. 

Additionally.since,hesignalsa..withi.thefte,uencyrange.r.nsm..«dand 
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received by telephones, the signals can be stored on and retrieved from standard 
voice storage devices such as answering machines, voice mail systems, or tape 
recorders. 

The modulated signals received over the telephone or recovered from an 
answering machine or tape can be input into a demodulator to recover the 
signals generated by rendering device 600. The recovered . signals can then be 
used in any way desired as discussed above and below. For example, the signals 
can be input into a computer and displayed on a display device. 

Figure 7 depicts an embodiment of the invention which contains 
actuating mechanisms to move the arms of the device. In this embodiment 
rendering device 700 further includes first actuating mechanism 702 which 
rotates first arm 704 about pivot point 706 of clamp 708 in response to a first 
input signal. Second actuating mechanism 710 rotates second arm 712 about 
pivot point 714 of first arm 704 in response to a second input signal. Third 
actuating mechanism 716 is placed near tiie end of second arm 712 to raise or 
lower implement tip 7 1 8 in response to a third signal. It is noted tiiat tiie first, 
second, and tiiird input signals need not be separate electrical signals but can be 
combined into one electrical signal using, for example, well known modulation 
or multiplexing techniques. 

In another embodiment, rendering device 700 additionally contains angle 
sensing devices and a micro-switch similar to tiiose described in Figures I and 
2. This allows rendering device 700 to both output signals and generate images 
using tiie first, second and tiiird input signals. This embodiment can be used m 
combination witii a phone as shown in Figure 6 to allow two way 
communication of rendering device signals over tiie phone system. 

Figure 8 is a high level schematic circuit diagram of tiie hardware used 
to feed electrical signals obtained from sensors 10 and 22 and sensor 43 of 
Figures 1 and 2 into a computer game port. Male plug 80 contains 5 pins. Pin 1 
is a 5 volts pin. Pin 3 is tiie joystick #1 X axis pin. Pin 3 gets its input from 
angular position sensor 10 offirst arm 15. Pin 6 is tiie joystick #1 Y axis pin. 
Pin 6 gets its input from angular position sensor 22 of second arm 27. Pin 2 is 

-12- 



PCT/IB98/01957 
Wd99/26191 

thejoystick#l fire 1 pin. Pin 2 gets its input signal from sensor 43 on second 
■ arm27. Pin 4 is the ground pin for proximity surface sensor 43. MaleplugSO 
is inserted mto a PC game port. 

Figure 9 depicts a lateral view and a bottom view of another 

5 embodiment of the invention. In this embodiment clamp 102 is comiected by 

rotatablejoint 1^4tof.rstarm 106. First arm 106 is rotatably comiected by 
rotatablejoint 108 to second arm 110. At the end of second arm llOopposrte 
joint 108 is implement holder 112. Implement holder 112 is on the end of 
cantileveredsectionlHofsecondarmllO. Cantilevered section 114 pivots 

,0 vertically about pivot point 1 16 and switch end 1 1 8 of cantilevered section 114 

placed just below micro-switch 120 such that when tip 122 of an implement 
placed in implement holder 1 12 is pressed down in contact with the surface, 

nucro-switch 120 will be contacted by switch end 118. When tip 122 is lifted 
off of the surface micro-switch 120 will cease to be contacted. Thus micro- 
15 switch 120 detects when tip 122 of an implement placed in implement holder 

1 12 is in contact with tiie surface. 

Clamp 102 contains first optical angle sensing mechanism 124 for 
sensing the angularpositionof first arm 106 with inspect to clamp 102. 
Housing 126 contains second optical angle sensor 128 for sensing the angular 
20 positionoffirstarml06wi1hrespecttosecondannll0. Clampl02also 

contains circuit board 130. In one embodiment of the invention, cin:utt boani 
130 converts the signals from the sensors into the appropriate protocols for 
input into an external device. For example, circuit board 130 could convert the 
signals from the two angle sensors into a format suitable to be input mto a 
25 computer through a standard mouse input port or a joystick input port. Circuit 

board 13b need not reside in clamp 102. It can be in the implement, external to 
the rendering device, or its fimctions could be implemented in software on a 
computer. 

In another embodiment circuit board 130 converts the signals into 
30 position infonnation which is displayed on digital displays on the rendering 

device: The digital displays, not shown in Figure 9, allow a user to precisely 
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measut. or draw certain figures or characters as desired. T^is feature is useful 
for draflspersons or architects. 

Figure 10(a) shows a detailed view of an optical angle sensor 200 in 
accordance with an embodiment of the present invention. In this embodiment 
the sensor contains rotatable bairel 202 with tapered transmission strip 204 
partially coiled around it. Tapered transmission strip 204.extends from ^^^^^^ 

barrel 202 between source 206 and detector 208. Optical angle sensor 200 
measures the relative angle between two components as follows. The two 
components are rotatably coupled to rotatable barrel 202 such that v^enthefirst 

component rotates, rotatable barrel 202 rotates about pivot point 210 and 
tapered transmission strip 204 either coUs up or uncoils fi-om rotatable barrel 
202 and passes between source 206 and detector 208. Tapered transmission 
strip 204 is con^cted such that the transmission of radiation from source 206 
through tapered transmission strip 204 to detector 208 decreases in one direcUon 
alongtapered transmission strip 204, As depicted in Figure 10(a)tapered 
transmission strip 204 becomes less transmissivemthe direction away firom 
barrel202. As tapered transmission strip 204 either coils or uncoUs from 
rotatable barrel 202 the amount of radiation from source 206 detected by 
detector 208 varies in relation to the angle between the two components. 

Tapered transmission strip 204 can be made of any material which can 
be manufactured with a varying or tapered transmission. Examples of suitable 
materials include but are not limited to film.astripwithholes in it in which the 

ratio of open area of the holes to area of the strip varies in a direction along the 
strip aUowsavarying amount ofradiation to pass through. The transmission of 

tapered transmission strip 204 can be designed to provide any function of 
transmission of radiation from source 206 to detector 208 that is desired. For 

example, the transmission of tapered transmission strip 204 could vary 
sinusoidally or cosinusoidally in order to have the signal detected by detector 
208 be the sine or cosine of the angle between the two components. 

m another embodiment not shown in Figure 10(a), the strip has a 
reflectivity which varies alongadi:«:tion and source 206 and detector 208 are 
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placed on the same side of the strip. In this embodiment, the radiation refl^^^^^ 
from the strip is related to the relative angle between the two components. In yet 
another embodiment of the optical angle sensor not depicted in (a), strip end 212 
is held fixed and the strip is held under tension by rotatable barrel 202. Then, as 
rotatable barrel 202 rotates, the strip is stretched more or less and then made 
slightly thinner^or thicker which transmits more or less radiation from source 

206 to detector 208. 

Figure 10(b) depicts yet another embodiment of an optical angle sensor. 
In this embodiment two components are rotatably coupled at pin 218. Varying 
transmission disc 220 is coupled to pin 218 and varying transmission disc 220 
passes between source 222 and detector 224. Varying transmission disc 220 
allows radiation to pass from source 222 to detector 224 as a function of the 

angle about varying transmission disc 220. As the angle between the two 
components is varied, pin 218. which is rigidly connected to one of the 
components, rotates relative to the other component. This rotation causes 
varying transmission disc 220 to rotate between source 222 and detector 224 
causing more or less radiation to be transmitted from source 222 to detector 224. 
The amount of radiation passed by varying transmission disc 220 can be made 
to be any desired function of angle about varying transmission disc 220. It 
could vary sinusoidally. cosinusoidally, linearly, logarithmically, or in any other 
way desired. In another embodiment not depicted, the varying transmission disc 
has a variable reflectivity and the source and detector are placed on the same 

side of the varyii^ transmission 

Figure 1 1 depicts a flow chart for software that can be used in 
conjunction with an embodiment of the rendering device to allow input of text 
or graphical objects into a computer. A rendering device is comiected to a 
computer and the signals from the rendering device are input into the computer 
memory. TTie software fiinctions as follows. In step 1 102 the updated position 
information from the rendering device is determined. Instep 1104 it is 
determined if the updated position information from the rendering device shows 
that the user has manipulated the implement to generate a special symbol which 
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is to be recognized by the object recognition software: If a special symbol has 
not been generated then at step 1 106 the position of the implement is updated on 
a display attached to the computer. The display displays the motions of the 
implement as the user manipulates it to wite or draw. THe p«,gram then goes 

from step 1106 to step 1102. 

Atstep Il04ifaspecialsymbolisrecogni2edthentheprogramgoesto 

step 1 108. Special symbols to be recognized may include but are not limited to 
words like "circle." "radius^SOmm," "center=this position." or "square." At step 
1 108 the symbol is sent to a recognizer to try to identify it. Next is step 1110 m 
which the program goes into recognition mode in order to try to identify the 
symbol In step 11 12 it is determined ifthe symbol is recognized. If.tisnot 
recognized then step 1106isnext. If it is recognized then the object represented 
by the symbol is displayed or the user is given a menu to select the object for 
display. When a recognized object is displayed, it is treated not as a bit mapped 
in^age but asagraphical object. After steplll4.steplll6is executed and the 

recognized symbol is removed fo)m the display. TOs allows the recognized 
symbol to be replaced on the display by the object it represents. After step 1 1 16 

step 1102 is executed. 

The foregoing description of embodiments of the present invention are 
presented for the purposes of illustration and description only. They are not 
intended to be exhaustive or to limit the invention to the forms disclosed. Many 
modifications and variations will be apparent to practitioners skilled m the art. 
It is intended that the scope of the invention be defined by the following clamis 
and their equivalents. 
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1 A rendering device, comprising: 

a first am with a firstend and second end, the first end of the first arm 
adapted to be pivotally connected to a surface; 

a fust angle sensing mechanism coupled to the first arm for sensing an 
angular position of the fust arm relative to a direction on the^ace, whei^in 
the first angle sensing mechanism generates a first signal representative of the 
angular position of the first ami relative to the direction on the surface; 

a second arm with a first end and a second end, the first end of the 
second arm pivotally comiected to the second end of the fust arm; 

a second angle sensing mechanism for sensing an angular position of the 

second arm relative to the fust arm. wherein the second angle sensing 
mechanism generatesasecond signal representative ofthe angular position of 

the first arm relative to the second arm; and 

a holder for an implement coupled to the second ^nd of the second arm. 

2 The device of claim 1 , wherein: 

at least one of the fust angle sensing mechanism and tiie second angle 
sensing mechanism includes a potentiometer. 

3 The device of claim 1 , wherein: 

at least one of the fust angle sensing mechanism and the second angle 
sensing mechanism includes an optical angular sensing mechanism. 

4 The device of claim 1 , wherein: 

at least one of tiie first angle sensing mechanism and tiie second angle 
sensing mechanism senses the angle between tiie second arm and the surface. 

5. The device of claim 1, wherein: 
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atleastoneofthef^tannandthesecondannhasanadiustabiele^^^ 

6 The device ofclaim 5, wherein: 

■ theatleastoneannhavinganadjustablelengthincludesalengthscale 

for measuring the length of the arm. 

) ' 

7 The device ofclaim 5, wherem: 

■ ,heatleastoneofthefirstannandthesecondarmincludesaser.or 

^ch outputs a signal related to the length of the arm. 
« The device of claim 1 , comprising: 

' 3nelevationsensorcoupledtoa.esecondarmforsensingtheelevat.on 
of the holder relative to the surface. 

9 The device ofclaim 8, wherein: 

the elevation sensor includes a pressure sensitive switch. 

10. The device ofclaim 9, wherein: 

the implement is a writing implement. 

20 

1 1 The device ofclaim 10, wherem: 
,ppU«J by the writmg imptaent to the sur&ce. 

,« 11 ThedCTiceofctoiml.comimsme: 

■ .^for»admgao<»ieo«th.implem.,...whe«i«thein,plem».«a 

writing implement. 

13 The device ofclaim 12, wherein: 
30 the code is related to a color ofthewritmg implement. 



15 
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14. The device ofclaim 12, wherein: 
. the code is related to a tip thickness of the writing implement. 

15. The device of claim 12, wherein: 
the code is related to the type of the writing implement. 

16 The device ofclaim 1, wherein: 

the first signal and the second signal ai^ capable of being transmitted 
over telephone lines. 

17. The device of claim 1 6, wherein: 

the first signal and the second signal are modulated on carrier 

frequencies between about 300 Hz and about 3.6 kHz. 

J 5 Ig The device of claim 16, wherein: 

the first signal and the second signal are modulated on a carrier 
frequency between about 500 Hz and about 2 kHz. 



10 
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1 9 The device of claim 1 6, wherein: 

the first signal and the second signal are modulated on a carrier 
frequency between about 1 .5 kHz and about 2 kHz. 



20 The device of claim 1 , comprising: 

a processor, wherein the first signal and the second signal are input into 

25 the processor. 

21 The device of claim 20, comprising: 

a display, the display being coupled to the processor, wherein the first 
signal and the second signal are input into the pn^essor and processed for 
30 display on the display. 
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22 A rendering system, comprising: 

a first ann with a first end and second end. the first end of the first arm 

adapted to be pivotally connected to a surface; 

a first actuating mechanism coupled to the first ann for rotating the first 
3nn relative toadir^ction on the surface, whereinthe first acu^gmechamsm 

rotates the first\arm in response to a first electrical signal;. 

a second arm with a first end and a second end. the first end of the 
secondarmpivotallyconnectedtothesecondendofthefirstarm; 

asecondactuatingmechanismcoupledtothesecondarmforrotatmgthe 

second armrelative to the first arm. wherein the second actuating mechamsmrs 

responsive to a second electrical signal; and 

aholderforanimplementcoupledtothesecondendofthesecondarm. 

23 The device of claim 22. comprising: 
a device for receiving signals from a telephonic communications system. 

thedeviceforreceivingsignalsbeingcoupledtothefirstandsecondactuatxng 

mechanisms. 

24 The device ofclaim 22. wherein: 
atleastoneofthefir^armandthesecondarmhasanadjustablelength, 

and includesaactuator for changing the length ofthe arm inresponsetoath^rd 
electrical signal. 



25 



25 The device of claim 22, comprising: 

an unplem™. devatfon actua»r «hich =Uva«s tip of impl«««. 
to,™ ft. »rfto in .^ponse to an elevation acdvadon electrical «gnal. 

26. The device of claim 22, wherein: 

the implement is a writing implement. 



30 
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27 The device ofclaim 22, wherein: 

the first actuating mechanism includes a first angle sensing mechanism 
for sensing angular movement ofthefirstarmrelative to the direction on the 

surface, wherein the first angle sensing mechanism generates a first angle 
electrical signal representativeofthe angular motion ofthefirstarmrelative 

the direction on the surface; and 

the second actuating mechanism includes a second angle sensing 
.echanismfor sensing angular movement of the second armrelative to the first 

arm wherein the second angle sensing mechanism genemtes a second angle 
elecuical signal representativeofthe angular motion ofthe first armrela^^^ 

the second arm. 



28 A method for rendering, comprising: 

measuring a first angle related to the position of a first arm and a 

1 5 direction on a surface; 

generating an electrical signal related to the first angle; 
measuring a second angle related to the position of the first arm and a 
second arm. wherein the second arm is pivotallycom^ectedatafirst end to the 

first arm. and a holder for an implement is coupled to the second end of the 

20 second arm; and 

generating an electrical signal related to the second angle. 

29. The method of claim 28, comprising: 

inputting the electrical signals into a computer. 



25 
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30 The method ofclaim 28, comprising: 

transmitting the electrical signals via channels including those used to 
transmit telephonic signal. 

31. The method of claim 28, wherein: 
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includes using a potentiometer. 

32 The method ofclaim 28, wherein: 
atleastoneofmeasuringthefirstangleandmeasuringthesecondangle 

includes using ,m optical angular sensing mechamsm. 

33 The method ofclaim 28, wherein: , u. u«oth 
.Ueastoneofthef.rstarmandthesecondarmhasanad3Ustablelength. 

34 -nie method ofclaim 33, wherein: 
theatleastonearmhavinganadjustablelengthincludesalengthscale 

for measuring the length of the arm. 

35 Hie method of claim 33. wherein: 



20 
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36 The method ofclaim 28, comprising: 

■ n^easuringanelevationoftheholderrelativetothesurface. 

37 The method ofclaim 36, wherein: 

the elevation sensor includes a pressure s««itive swrtch. 

38. The method ofclaim 28, wherein: 

the implement is a writing implement. 

30 -nie method ofclaim 28, wherein: 

Tpressuresensitiveswitchmeasuresapressurerelatedtothepressure 

applied by the writing implement to the surface. 



-22- 



40 The method of claim 28, comprising: 
reading a code on the >vriting implement. 

41 The method ofclaim 39, wherein: 

■ ^ecodeisrelatedtoacolorofthewritingimplement. 
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